Once cooled to room temperature, the product was precipitated and washed with ethanol and cyclohexane for three times via centrifugation, then dried at 370 K overnight for the measurements.
Synthesis of tungstate bulk materials Microcrystalline samples with composition
NaY(WO 4 ) 2 :49Yb1RE (RE = Ho, Er and Tm) were prepared by solid state reaction. The stoichiometric raw materials of WO 3 , NaHCO 3 and RE 2 O 3 were ground in agate mortar and then transferred to alumina crucible. Subsequently, the mixture was first sintered at 773 K for 4 h and then at 1273 K for 4 h in oven with ambient atmosphere.
Characterization The photoluminescence spectra were recorded by an Edinburgh Instruments FLS920 spectrometer. For UC emission spectra, the excitation source and the detector were a 980 nm continuous wave laser (~1 W/cm 2 ) and a Hamamatsu R928 photomultiplier tube (PMT). The luminescence decay dynamics of Er 3+ UC emission was measured with an Ekspla NT342B-10-SH/DUV OPO system for pulsed excitation (pulse width 5 ns and repetition rate 10 Hz) and a Hamamatsu H7422-02 PMT as photon detector with a Triax 550 monochromator coupled to a PicoQuant TimeHarp 260 photo-counting module at a discriminator level of -100 mV. The decay dynamics of Yb 3+ IR emission was measured by using a liquid-nitrogen cooled Hamamatsu R5507-73 PMT and multi-channel scaling (MCS) option integrated in the Edinburgh spectrofluorometer. The pulsed excitation source was an optical parametric oscillator (OPO) system (410-2200 nm, Opotek Opolette HE 355 II) pumped by the third harmonic of a YAG:Nd 3+ laser (~1 mJ pulses with a 10 ns pulse duration and repetition rate 20 Hz). To control the temperature, a Linkam THMS600 Microscope Stage was used for the temperature range of 300-600 K. The spectrum was collected at an interval of at least 10 minutes to guarantee the temperature stability for sample. The thermocouple allows for monitoring and compensation of IR laser heating effects. The relative humidity of air is 40-60%.
For the TEM measurements, NCs dropcasted on amorphous carbon-coated copper grids were imaged using an FEI Talos F200X TEM microscope operating at 200 kV. For the in-situ heating measurements, NCs were dropcasted on heating chips with SiN membranes, which were mounted on a DENSsolutions MEMS-based heating holder. For the ex-situ measurements, NCs were dropcasted on SiO-coated TEM grids and the prepared grids were sintered in oven at 600 K for 10 min. In-situ XRD measurements were performed on a Bruker5 AXS D8 X-ray diffractometer in combination with an Anton Paar XRK 900 reactor chamber for Co Kα radiation with a wavelength of 1.79 Å and a VÅNTEC 1D position sensitive detector. FT-IR spectra were measured in air in a Vertex 70 (Bruker) spectrometer equipped with KBr/DLaTGS D301 detector using KBr pellet technique. The thermogravimetric analysis was performed on a Perkin Elmer TGA8000 with a temperature ramp from 300 to 570 K at 5 K/min in an atmosphere of 20% oxygen in argon. 
